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“They	  [Voyager	  spacecraE]	  were	  something	  more	  than	  
dumb	  machines,	  because	  they	  had	  a	  degree	  of	  autonomy	  
and	  had	  to	  act,	  within	  limits,	  independently	  of	  their	  
handlers.	  They	  were	  more	  than	  simple	  ganglia	  of	  
instruments,	  because	  they	  carried	  their	  own	  mo8ve	  power,	  
which	  granted	  them	  the	  means	  to	  journey.	  Like	  any	  ar8fact	  
of	  human	  contrivance,	  they	  exhibited	  a	  style	  that	  embodied	  
the	  imagina1on	  and	  values	  of	  their	  creators,	  which	  granted	  
them	  a	  simulacrum	  of	  personality.	  They	  could	  be	  
anthropomorphized	  in	  ways	  that	  the	  Santa	  Maria	  or	  the	  
HMS	  Resolu8on	  could	  not,	  yet	  they	  were	  far	  from	  human,	  
or	  even	  alive.	  In	  sailing	  beyond	  the	  realm	  of	  previous	  
explora8on,	  they	  also	  journeyed	  beyond	  the	  realm	  of	  
expecta8on	  about	  how	  discovery	  might	  be	  done	  and	  what	  
cons1tuted	  an	  explorer.”	  
Stephen	  Pyne,	  Voyager:	  Explora8on,	  Space,	  and	  the	  Third	  Great	  Age	  of	  Discovery	  (emphasis	  added)	  



“The	  MER	  explora8on	  system	  cons8tutes	  a	  blended	  
scien8fic	  prac8ce:	  exploring	  scien1fically,	  engaging	  
in	  field	  and	  laboratory	  work	  by	  interweaving	  human	  
and	  robo1c	  opera8ons,	  using	  a	  textbook	  method	  
(being	  systema1c)	  yet	  stopping	  to	  inves8gate	  
interes8ng	  features	  (being	  opportunis1c)	  and	  
probing	  the	  landscape	  in	  a	  kinesthe1c,	  imagined	  
experience.”	  

William	  J.	  Clancey,	  Voyages	  of	  Scien8fic	  Discovery	  with	  the	  Mars	  Explora8on	  
Rovers	  (MIT	  Press,	  forthcoming)	  (emphasis	  original)	  



Not	  “present	  vs.	  not	  present,”	  but	  
different	  forms	  of	  human	  presence	  

•  At	  what	  8me(s)?	  	  
•  From	  what	  place?	  

•  Doing	  what?	  (e.g.	  what	  scien8fic	  prac8ce?)	  
•  By	  whom?	  	  

•  Through	  what	  bandwidth/8me	  delays?	  
•  Where	  are	  the	  bodies?	  What	  is	  at	  stake?	  

•  What	  cons8tutes	  presence?	  	  	  
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US Navy Nuclear Research Submarine 
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JASON control room 



Precision deep water survey 





Precision mapping 
of seafloor sites 
“microbathymetry” 

Amphora piles 

Hull outline 

Amphora , n craters 

(Ballard, et. al., 2000), n craters 





Autonomous Undersea Vehicle  -- ‘AUV’ 
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The	  MQ-‐9	  Reaper	  Remotely	  Piloted	  AIRCRAFT	  (RPA):	  	  
Humans	  and	  Machines	  in	  acAon	  
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“Legacy” HUD “Improved” HUD 

“Advanced” HUD 



Reaper	  Crew:	  “Building	  a	  Picture”	  
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